The aim of this study was to evaluate the effects of polymorphisms in excision repair cross-complementation group 1 (ERCC1) and alpha-fetoprotein (AFP) genes and their haplotypes on the susceptibility to hepatocellular carcinoma (HCC), and to decipher the association between single-nucleotide polymorphisms (SNPs) and clinicopathologic characteristics of HCC.
Introduction
Hepatocellular carcinoma (HCC) is the most important primary liver cancer, being the 6th most common type of tumor in the world. Identification of prognosis-related molecular markers for assessing the progression of HCC is an area of intense research and is important for its treatment. Excision repair crosscomplementation group 1 (ERCC1) is an important gene involved in base excision repair of DNA. Single-nucleotide polymorphisms (SNPs) in ERCC1 have been related to tumor susceptibility and poor prognosis in gastric, lung, colorectal, and ovarian cancers. [1] [2] [3] [4] Alpha-fetoprotein (AFP) gene consists of 15 exons and 14 introns; an enhancer located upstream of the gene has stimulatory effects on the expression of AFP protein. Studies have shown that AFP-692 rs10020432 polymorphism is associated with HCC and cirrhosis. [5, 6] In this study, we analyzed the polymorphisms in ERCC1 and AFP genes and deciphered the relationships between the polymorphisms and haplotypes with the incidence of HCC and clinicopathologic parameters of HCC. We also investigated whether ERCC1 gene polymorphism is associated with the expression of AFP protein, with the aim of elucidating the molecular genetic mechanisms underlying HCC.
Materials and methods

Patients
A total of 206 subjects were selected for this study. The HCC group included 118 cases, which were diagnosed by imaging and pathologic examination between August 2017 and March 2018 at the Affiliated Tumor Hospital of Guangxi Medical University, China. The cases with HCC were selected from among the newly admitted patients who were diagnosed with HCC, and blood samples were collected from them prior to the start of treatment (including surgical resection, radiotherapy, or chemotherapy). The control group included 88 cancer-free subjects (clinical and laboratory examinations of the subjects were normal and they had no family history of tumor), selected from the same hospital during the same period. There were 98 males and 20 females in the HCC group. The mean age of subjects in the HCC group was 47.625 years, whereas it was 49.022 years in the control group. All the characteristics of the studied subjects are shown in Table 1 . Informed consent was obtained from all the patients and the study was approved by the Medical Ethics Committee of Guangxi Medical University, China.
DNA extraction
Peripheral blood (3-5 mL) was collected in anticoagulant (ethylenediaminetetraacetic acid)-coated tubes from all the subjects. Genomic DNA was extracted from the samples using TIANamp Blood DNA Kit DP348 (Tiangen, Beijing, China) following the manufacturer's instructions. The concentration of DNA was determined using NanoDrop 1000 spectrophotometer (Thermo Scientific, Wilmington, DE), and it was stored at À20°C until used.
Targeting of SNPs
Based on the Hapmap database and linkage disequilibrium (LD), the linkage imbalance coefficient (D 0 ) was determined, using 15% frequency as the boundary, and considering the function of SNP, the tapSNP sites, which might affect the expression of protein, were selected. Among the 3 tapSNPs in ERCC1 gene, rs1046282 and rs735482 are located in the 3 0 -untranslated region (UTR), and rs3212948 is located in exon 3, and these 3 are in LD. Of the 2 sites in the AFP gene, rs737241 is located in the 3 0 -UTR and rs4024 is located in the promoter region of the AFP gene.
Polymorphism genotyping
The sequences of the SNP loci present in the National Center for Biotechnology Information (NCBI) database were searched, and polymerase chain reaction (PCR) primers and extension primers were designed using Primer Premier 5.0 (Canada) ( Table 2) . PCR was performed in a total volume of 20 mL, which contained 1 mL genomic DNA template, 1 mL each of the 10 mmol/L upstream and downstream primers, 15 mL master mixture (Taq buffer [Mg 2+ plus], dNTP mix [10 mM each], and Taq DNA polymerase), and 2 mL sterile water. The conditions for PCR were as follows: predenaturation at 95°C for 5 minutes; 10 cycles of denaturation at 95°C for 30 seconds, annealing at 62°C to 52°C (decreasing by 1°C per cycle) for 30 seconds, and extension at 72°C for 30 seconds; 40 cycles of denaturation at 95°C for 30 seconds, annealing at 52°C for 30 seconds, extension at 72°C for 30 seconds; extension at 72°C for 10 minutes; cooling to 4°C. The products were purified using the alkaline phosphataselabeled streptavidin-biotin method (SAP)/exonuclease I (Exo I enzyme) method, and the final product was obtained using the SNaPshot kit (ABI). This product was sequenced using ABI 3730, and the sequence was analyzed by Gene Mapper 4.0 software; Liz120 was taken as the internal reference. To ensure the accuracy of genetic polymorphism, 20% of the specimens were randomly selected for resequencing, and the results were found to be consistent with those of the first experiment.
Serum AFP determination
The measurement of serum AFP concentration was done using the enzyme immunoassay method (Abbott Immunization i2000). Table 2 PCR primers, single-base extension primer sequences of SRC sites of ERCC1 and AFP genes.
SNP PCR primers
Single-base extension primer sequences 
Statistical analysis
Statistical analysis was performed using the SPSS 17.0 software (SPSS Inc, Chicago, IL). Hardy-Weinberg equilibrium was determined to confirm whether the study samples were representative of the population. The data from the 2 groups were compared by Chi-squared test and logistic regression analysis. Logistic regression model was used to calculate the odds ratios (OR) and 95% confidence interval (CI) of specific genotypes or variables of interest after adjusting for age, gender, alcohol consumption, and smoking. The haplotype analysis of gene was performed using SHEsis (http://analysis.bio-x.cn/ myAnalysis.php). [7] All the P-values were 2-sided; statistical significance was defined as P < .05.
Results
Demographic statistics of the subjects
A pairwise comparison of the clinical characteristics of subjects in the HCC and control groups presented in Table 1 shows that sex, age, smoking status, and drinking status were not statistically different (P > .05); however, significant differences were observed in the levels of serum AFP and hepatitis B surface antigen between the 2 groups.
Genotype frequencies
The genotype distribution of ERCC1 (rs735482, rs1046282, and rs3212948) and AFP (rs4024 and rs737241) genes in the experimental and control groups was consistent with the HardyWeinberg equilibrium (P > .05), suggesting that the population had good representation. The results of Hardy-Weinberg equilibrium are shown in Table 3 .
For AFP, the frequency for A allele at site rs737241 in the HCC group was significantly lower than that in the control group (P < .05). The individuals carrying the A allele were at 0.573-times lower risk of developing HCC than those carrying the G allele (P = .008, Table 4 ). The frequencies of GG, GA, and AA genotypes in the HCC and control groups were statistically significant (P < .05). After adjusting for age, gender, smoking, and drinking history, the risk of HCC was 0.543-times lower in individuals with at least one mute allele A (GA+AA) than in individuals with the GG genotype (P = .037, Table 5 ). There was no significant difference in the distribution of other SNP genotypes and alleles between the HCC and control groups (P > .05).
Analysis of haplotypes of ERCC1 and AFP
The LD of the 5 SNPs in ERCC1 and AFP genes was measured in terms of D 0 and r 2 . The values of r 2 and D 0 were 0.277 and 0.696 for rs737241-rs4024, 0.031 and 0.493 for rs1046282-rs3212948, 0.184 and 0.574 for rs3212948-rs735482, and 0.169 and 0.655 for rs735482-rs1046282, respectively. These values demonstrate that the SNP sites in the two genes exhibit LD.
The haplotypes with a frequency <0.03 were excluded from the analysis. Three haplotypes were found to be associated with the HCC risk. Compared to the patients with other haplotypes, those with the C-C haplotype of ERCC1 rs1046282-rs3212948 showed a 0.259-fold decrease in the HCC risk (P = .017, 95% CI = 0.079-0.851), those with the A-A haplotype of AFP rs737241-rs4024 showed significant protection against HCC (P = .044, OR = 0.393, 95% CI = 0.155-0.997), whereas those with the G-G haplotype of AFP rs737241-rs4024 showed a 2.130-fold increase in the HCC risk (P = .017, 95% CI = 1.135-3.999) ( Table 6 ).
Analyses of polymorphism in ERCC1 and AFP and clinicopathologic features of HCC
A stratified analysis of clinicopathologic features of HCC was performed. Because there are few wild-type genotypes, both wild- type and heterozygous genotypes were combined for the analysis. We found that rs737241 and rs1046282 sites were significantly correlated with the AFP levels. The rs3212948 polymorphism was related to the pathologic grade of liver cancer and the rs4024 polymorphism was related to portal vein tumor thrombosis (PVTT) in HCC. The polymorphism at the rs1046282 locus was associated with the HBV DNA load whereas that at the rs735482 locus was significantly associated with tumor size in HCC. The 5 selected sites in the ERCC1 and AFP genes were not associated with Barcelona Clinic Liver Cancer (BCLC) staging, cirrhosis, foci, gross classification, and capsule invasion in HCC (P > .05), as shown in Table 7 . Multivariate logistic regression showed that the mutant A allele of rs737241 increased the AFP expression (P = .007, OR = 2.982, 95% CI: 1.353-6.572), the mutant C allele of rs1046282 increased the AFP expression (P = .011, OR = 2.825, 95% CI: 1.274-6.263), the mutant A allele of rs4024 reduced the risk of PVTT in HCC (P = .013, OR = 0.273, 95% CI: 0.098-0.763), the mutant C allele of rs3212948 site decreased the differentiation and maturation of HCC cells (P = .022, OR = 2.749, 95% CI: 1.153-6.553), and the mutant C allele of rs1046282 reduced the DNA load of hepatitis B virus (P = .035, OR = 0.273, 95% CI: 0.098-0.763). The mutant A allele of rs735482 increased the tumor size of HCC (P = .037, OR = 3.859, 95% CI: 1.088-13.684), as shown in Table 8 .
Discussion
In this study, we evaluated the significant association between the SNPs in the ERCC1 gene and partial AFP locus with the risk of developing HCC and clinicopathologic features of HCC after adjustment for age, gender, smoking, and drinking factors. The relationship between the mutation locus in the ERCC1 gene and the risk of HCC has been suggested in numerous studies. The 3 0 -UTR is one of the most important regulatory regions of the ERCC1 gene. Mutations in the 3 0 -UTR or coding region of ERCC1 gene may affect the coding of ERCC1. This might inhibit its binding to the XPF protein, and even affect the ability of nucleotide excision repair pathway, increase the genomic instability, lead to increased genomic instability, and thereby cause various cancers and malignant diseases. The 3 0 -UTR of the ERCC1 gene is associated with the risk of HCC. Li et al indicated that in the Guangxi Zhuang population, the rs3212986 (-8092) mutation was associated with an increased incidence of HCC. [8] Li et al reported that in the Liaoning Province, the rs3212961 mutation was associated with reduced risk of HCC in the population. [9] There are few reports on the polymorphism of these 3 loci and the risk of HCC. A study on the association between SNPs and haplotypes with the risk of liver disease revealed the involvement of rs735482 and rs1046282 locus in the 3 0 -UTR region and the rs3212948 locus in the coding region of the ERCC1 gene. Morris and Kaplan suggested that haplotype analysis is superior to single SNP analysis for several susceptibility genes. [10] However, they did not find the association of these 3 loci with the pathogenesis of liver cancer. We found that patients with CC haplotypes of ERCC1 rs1046282-rs3212948 have a 2.52-fold lower risk of HCC (P = .017, 95% CI = 0.079-0.851); these results differ from those obtained for an SNP. The reason for this difference is that polymorphic changes in the intron and We believe that the susceptibility of individuals with rs1046282-rs3212948 gene polymorphism to liver cancer deserves further investigation and requires more rigorous experimental design and increased sample size. The AFP can promote the growth of tumor cells. The survival rate of patients with high levels of expression of this protein is lower than that of patients with low expression levels. [11] The mechanism through which the AFP protein promotes tumor cell growth might be the immune surveillance by AFP that helps cancer cells escape the host cells. [12, 13] For studying the association of AFP gene polymorphism and the risk of liver cancer, the AFP-980 gene was sequenced in a Hong Kong population and it was found that -692 CG increased the risk of liver cancer. [5] In Indonesia, detection of 6 separate SNPs (rs3796678, rs3796677, rs3796676, rs28532518, and rs4646038) in AFP intron 1 and intron 2 (rs6834059) was associated with liver cancer, whereas rs2298839 and rs10020432 sites were associated with increased susceptibility to cirrhosis. [6] The rs737241 site is in the coding region of the AFP gene and rs4024 is located in the promoter region. The frequency of occurrence of rs737241 locus A allele found in the HCC group was lower than that in the control group, and the risk of HCC was 0.573-times lower in individuals carrying the A allele. Individuals with at least 1 mutant allele A (GA+AA) had a 0.543-fold lower risk of developing liver cancer compared to those with the GG genotype. We believe the reasons for this observation to be as follows: mutation in the rs737241 locus of the AFP coding region might affect mRNA synthesis, thereby, reducing the synthesis of Table 7 Results of chi-square test between SNPs and clinic-pathologic features of HCC, n (%). . the AFP protein, weakening the AFP immune surveillance that helps cancer cells in escaping the host cells; thus, the body can effectively identify and remove tumor cells and tumor metastasis is reduced, leading to a certain degree of protection; Suriapranata et al reported that in an Indonesian population, the polymorphism at the rs4640638 locus was associated with reduced risk of liver cancer, [6] with both sites in the coding region of the gene. The polymorphism at the rs4014 locus has not been found to be associated with the pathogenesis of liver cancer. Suriapranata et al. did not find an association between rs4024 and liver cancer in the Indonesian population. [6] The 2 results suggest that the association of rs4024 polymorphism with the incidence of liver cancer is not relevant. We found that rs737241-rs4024 in patients with AFP haplotypes was significantly related to the protection against HCC (P = .044, OR = 0.393, 95% CI = 0.155-0.997), and GG haplotype showed a significantly increased risk of liver cancer (P = .017, OR = 2.130, 95% CI = 1.135-3.999). The results obtained for the AFP gene were consistent with the results of the allelic analysis. The risk of developing liver cancer in individuals carrying the A allele at the rs737241 locus was reduced, whereas it was increased in individuals carrying the G allele at this locus.
The HCC is highly malignant and has a poor prognosis. Even for radical resection, the 5-year disease-free survival rate in HCC is only 16% to 27.1%. [14] Pathologic features, such as vascular invasion, tumor thrombosis and cirrhosis, and AFP levels, are the main risk factors for postoperative recurrence. [15] The search for these factors mainly depends on imaging, surgical exploration, and laboratory testing; however, achieving accuracy with these methods is difficult. To find suitable indicators, molecular markers related to pathologic features of tumors need to be identified. We found that the presence of rs737241 site mutation A allele or the rs1046282 site mutation C allele increased the expression levels of AFP. High AFP levels were found to be related to poor prognosis in liver cancer. [16, 17] However, the regulation of AFP expression is a complex process involving the interaction of transcription factors with promoters and enhancers of the AFP gene. [18, 19] The results are different from those of a previous screening for HCC risk, suggesting that rs737241 does not necessarily regulate the expression of AFP. Nonetheless, we believe that the relationship between gene polymorphism and serum AFP levels are worthy of further study, but the number of samples needs to be expanded and there is a need for stratified analysis of experimentally determined AFP levels in different groups. The presence of A allele at the rs4024 site can reduce the risk of vascular invasion, which may be caused by the rs4024 mutation resulting in a decrease in the production of AFP protein.
The high level of AFP expression found in the study is related to the formation of tumor thrombus. [19] Carrying the rs3212948 site mutation T allele can reduce the degree of differentiation of HCC, the C allele at rs1046282 locus can reduce the DNA load of HBV, and carrying the allele of rs735482 locus can increase the tumor size in liver cancer. It is suggested that the above 3 ERCC1 gene SNPs might have significance for the prognosis of liver cancer. The rs735482 and rs1046282 polymorphisms are located in the 3 0 -noncoding region (UTR), which is the major regulatory region for gene duplication and expression. The occurrence of T>C allele at the rs1046282 locus might affect the replication of HBV DNA in liver cancer patients. The C>A allele at rs735482 might affect the posttranscriptional modification of ERCC1 mRNA, which in turn affects the stability and function of mRNA, the ability of DNA repair is reduced, and cancer cells become prone to proliferation. Genes can be involved in increasing the tumor size in liver cancer. Rs3212948 is located in the coding region of the gene. When a base mutation occurs, the DNA repair ability of the cell is reduced, the cancer cell is less likely to differentiate and remains in a poorly differentiated state. A high degree of malignancy indicates a poor prognosis; however, further experiments are needed in this regard.
In summary, we believe that the polymorphism at rs737241 site is associated with the risk of liver cancer. Our results demonstrate that ERCC1 gene polymorphism can be correlated with the level of AFP protein, EDSON grade, tumor size, and HBV DNA load, whereas polymorphism of AFP gene is possibly associated with the level of its protein and tumor thrombosis. It is suggested that ERCC1 and AFP gene polymorphisms are important molecular markers for the occurrence and prognosis of liver cancer. The differences in the results between the present and previous studies might be because of the sample size, the research method, and differences in gene distribution in different geographical populations, or might be a matter of chance. It is possible that the negative result in the present study might be because of the relatively smaller sample size; however, this assumption needs to be experimentally verified. Recent studies have shown that polymorphisms in ERCC1 gene are associated with tumorigenesis and drug resistance in lung, colorectal, ovarian, and head and neck cancers. [20] [21] [22] AFP protein can be used as a prediction marker for postoperative recurrence of liver cancer. [23] Whether the above-mentioned locus is related to resistance or pathogenesis of liver cancer remains unclear. Moreover, determination of the level of gene mutation that actually causes the change in the level of AFP protein would need further research.
